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ABSTRACT
The FASTRAC (Formation Autonomy Spacecraft with Thrust, Relnav, Attitude and Crosslink) satellites
built by students from The University of Texas at Austin are manifested for a Space Test Program (STP) launch in
September 2010. FASTRAC is the 2005 winner of the University Nanosatellite competition sponsored by the Air
Force Office of Space Research and Air Force Research Laboratories. FASTRAC is a two nanosatellite mission that
will be launched aboard a Minotaur IV rocket from Kodiak, Alaska. The goal of the FASTRAC mission is to
demonstrate enabling technologies for nanosatellites that work together in space. The primary mission objectives
are: 1) demonstrate two-way intersatellite crosslink with verified data exchange, 2) perform on-orbit real-time GPS
relative navigation between satellites, and 3) demonstrate autonomous thruster operation using single-antenna onorbit real-time GPS attitude determination. A description of the FASTRAC mission and its concept of operations
are provided. This paper also recounts the history of the FASTRAC program, from its beginning in 2003 as an entry
in the University Nanosatellite Program (UNP-3) Competition until its Launch and Operations Phase in 2010. Some
of the unique goals and challenges of building, testing, delivering, and operating a nanosatellite in a university
environment with a very limited budget are addressed. Lessons learned throughout the project's life cycle and
recommendations for similar programs are documented and shared.
objective, the mission will also use a distributed ground
station network to communicate with the satellites.1-8

INTRODUCTION
The FASTRAC (Formation Autonomy Spacecraft with
Thrust, Relnav, Attitude and Crosslink) satellite project
is a student nanosatellite program at The University of
Texas at Austin (UT-Austin).
From its inception in
2003, it has been a completely student managed and
operated program with faculty supervision. This paper
discusses the FASTRAC mission, its concept of
operations, and its history. It will recount some of the
unique challenges and goals of running a student
nanosatellite program and provides recommendations
and lessons learned throughout the project. The
FASTRAC satellites are expected to be launched in
September 2010.
MISSION
FASTRAC's mission is to demonstrate enabling
technologies for small satellites that work together in
space. The mission has three primary objectives which
are: 1) demonstrate autonomous two-way intersatellite
crosslink communication with verified data exchange;
2) perform on-orbit real-time GPS relative navigation
between two satellites; and 3) demonstrate autonomous
thruster operation using on-orbit real-time singleantenna GPS attitude determination. As a secondary
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Figure 1. The FASTRAC Satellites
The FASTRAC satellites shown in Figure 1 are
composed of two almost identical satellites. The only
substantial difference between them is that one of the
1
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Figure 2. FASTRAC Mission Sequence
satellites, FASTRAC-1 (named "Sara Lily"), has a
micro-discharge plasma thruster while the other,
FASTRAC-2 (named "Emma"), has a Micro Aerospace
Solutions Inertial Measurement Unit (IMU) in its place.
Apart from these differences, the structure, solar panels,
batteries, voltage regulators, GPS receivers, command
& data handling micro-processors, and communication
subsystem are the same between satellites. For a more
detailed description of the FASTRAC design and its
subsystems, please check references 1-8.

30 minutes in internal checkout mode before they start
beaconing health and status information to the ground.
At this point both satellites are fully operational.
After this occurs, initial contact with UT-Austin's
ground station will be established and a formal
checkout procedure will be performed to make sure all
systems are working correctly. While the satellites are
not in contact with the ground, they will autonomously
establish a crosslink between each other and exchange
GPS information.

CONCEPT OF OPERATIONS
Once all of the systems of both satellites have been
verified, and after a few days drifting in stacked
configuration, the satellites will then be separated by
activating the inner PSC Motorized Lightband with a
command from the operations team. This event marks
the start of on-orbit real-time relative navigation from
two separated and freely drifting satellites, the primary
technology demonstration experiment. This phase of
the mission will continue until the operations team
decides that enough relative navigation data has been
collected. The frequency and duration of relative
navigation solutions will depend on the position and
orientation of each satellite's GPS antennas.

The concept of operations for the FASTRAC satellites
is composed of six phases as shown in Figure 2.
During the first phase of the mission, the satellites will
be launched to space from Kodiak, AK on-board STPS26, a Minotaur IV rocket in September 2010. The
satellites will nominally be placed into a 72 degree, 650
km altitude circular orbit. During this phase of the
mission, the satellites are unpowered.
The second phase of the mission starts when the
satellites are deployed in a stacked configuration from
the launch vehicle, at which point they will receive a
28-V pulse to enable the satellites to power on. At this
point the launch vehicle will also activate the Planetary
Systems Corporation (PSC) Motorized Lightband to
separate the FASTRAC satellites from the launch
vehicle. The satellites will then spend approximately
Muñoz, et al.

The operations team will then enable the microdischarge plasma thruster to operate on "Sara Lily".
The thruster works by channeling a superheated gas
through a micro-discharge plenum. The thruster will
2
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Figure 3. FASTRAC Project Timeline
autonomously operate if one of the thruster nozzles is
within a 15 degree cone of the anti-velocity vector, as
shown in Phase 5 of Figure 2. The autonomous thruster
operation control is based on the on-orbit real-time
single antenna GPS attitude determination solution.
During this phase of the mission, the on-orbit real-time
relative navigation solutions will still be collected and
transmitted.

for each of the FASTRAC satellites was produced. The
prize of the competition was a promise for the eventual
launch of the flight unit satellites by the US Air Force.
Once the project was selected, a more thorough Flight
Build Design Review was held at UT-Austin during
April 2005. Several redesign issues were presented that
were needed to meet the requirements imposed by the
University Nanosat Program for flight. From this time
until June 2006, the team performed the necessary
redesign and completed manufacturing and integration
of the flight units to be delivered to AFRL for
environmental and acceptance testing.

Once the satellites have achieved all of the mission
objectives as determined by the operations team, their
communications subsystems will be reconfigured for
amateur radio operations. The satellites will become
part of the Automatic Packet Reporting System (APRS)
network and the amateur radio community will be able
to digipeat through them.

Once at AFRL, the satellites underwent an array of
acceptance tests during the summer of 2006 to verify
that they met all of the requirements. As in most
satellite programs, issues arose during these tests which
had to be addressed. For example, one of the issues
was that the fundamental frequency of the structure was
lower than required. Although the original structural
design had been theoretically acceptable, mass
increases due to changes in requirements caused the
fundamental frequency to shift below an acceptable
threshold. As a solution, the aluminum adapter plates
were replaced with thicker titanium adapter plates to
increase the fundamental frequency above the required
threshold. The remaining hardware issues that occurred
during these tests were fixed by October 2006. In
November 2006, FASTRAC was ranked in the Space
Experiments Review Board (SERB) to receive a launch
through the Space Test Program (STP).

HISTORY
Unlike many university missions, especially CubeSat
missions, in which the time from project initiation to
launch takes only a couple of years, the FASTRAC
project has had a longer development cycle of more
than 8 years as shown in Figure 3.
The FASTRAC project began in January 2003 as one of
11 university participants in the University Nanosat
Competition (UNP-3) held by the Air Force Research
Laboratories (AFRL). The competition lasted two
years, in which 4 separate design reviews were held to
evaluate all the projects. In January 2005, at the Flight
Competition Review held in Reno, NV, FASTRAC was
selected as the UNP-3 winner. As part of this initial
activity, a preliminary Engineering Design Unit (EDU)
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In early 2007, the satellites underwent an additional
round of hardware modifications to the communication
subsystem due to changes in the authorized transmit
and receive frequencies and the addition of new
functionality. The flight units were then also integrated
into their stacked configuration for the first time. After
these modifications, the satellites underwent additional
environmental testing consisting of vibration, CG/MOI,
and thermal vacuum chamber tests. By Spring 2007, the
satellites were waiting to be manifested for launch
while the team in Austin continued testing and
developing the flight software.

most of these students have come from within this
department. However students from a multitude of
different departments and subject disciplines have been
involved. The areas and departments that have been
represented in the project include Mechanical
Engineering, Electrical and Computer Engineering,
Physics, Computer Science, Petroleum Engineering,
Business, Journalism, and the School of Information.
The student team is integrated by both graduate and
undergraduate students, where graduate students
normally hold the supervisory positions on the project.
To date, four Master's thesis and 6 conference papers
have been written about the FASTRAC project. The
project has served as a supplementary education in
addition to classwork for the students involved and has
helped them enhance their resumes through project
experience. In several cases, students received job
offers based on the skills that they gained through the
FASTRAC project. Alumni from the project now hold
positions at multiple NASA centers and government
laboratories, and corporations such as Lockheed Martin,
The Boeing Company, L-3 Communications, SpaceX,
and others. After being involved in the project, many
students have also chosen to pursue graduate degrees at
UT-Austin and other universities.

In November 2007, FASTRAC was officially
manifested for launch on STP-S26. At this point the
launch vehicle was officially known to be a Minotaur
IV rocket. Once manifested, the satellites were sent
back to Austin to finish the flight software and perform
additional hardware modifications required based on
the mechanical shroud launch envelope. After a year in
Austin, the satellites were then redelivered in December
2008 to AFRL to undergo a final round of
environmental testing.
During the initial
Electromagnetic Interference (EMI) testing in the
summer of 2009, it was noted the transmitter of one the
satellites had failed and needed to be replaced. This
replacement took place during September 2009 and the
final rounds of environmental testing comprising
acceptance level vibration testing, CG/MOI, thermal
vacuum chamber testing, and EMI testing were
completed in February 2010.

IMPACT ON THE DEPARTMENT
In addition to students, FASTRAC has had a substantial
impact on the Department of Aerospace Engineering &
Engineering Mechanics at UT-Austin. During the
initial phase of the project, it served as a driving factor
in establishing the Satellite Design Laboratory (SDL).
As the project went through its development cycle,
other facilities added to support it and complement the
SDL. These facilities at UT-Austin now include the
Spacecraft Control Center (SCC), the Sensors &
Actuators Laboratory, and the Flight Integration
Laboratory (FIL).

According to the remaining schedule at the time of this
writing, the satellites should be shipped to Kodiak, AK
and integrated with the launch vehicle in July 2010 to
be launched on STP-S26, in September 2010. The
operations phase of the mission will commence after
FASTRAC's launch and continue as long as the
satellites are working.
STUDENT INVOLVEMENT

The Spacecraft Control Center is composed of two
UHF/VHF ground stations that will be used to operate
the FASTRAC satellites once they are in orbit. It also
serves to track other amateur radio satellites and
support future UT-Austin missions. The Sensors &
Actuators Lab houses experimental satellite hardware
and is used to teach students their fundamental
operational principles and how they are used on
spacecraft. The Flight Integration Laboratory was
created to securely process and integrate flight
hardware. Originally this was done within the SDL,
but after the FIL was created, the SDL has become
mainly a design and prototyping lab for the different
projects.

Since its beginning, students have been managing and
operating the FASTRAC project, from writing the
initial proposal, managing the project, making design
decisions, fabricating the hardware, testing the
satellites, and after launch, operating the satellites and
analyzing and post-processing their data. Through all
this time, the project has relied on advice and guidance
from Dr. E. Glenn Lightsey, the faculty principal
investigator, other faculty members from UT-Austin,
AFRL personnel, and industry experts.
In the span of the project lifespan to date, more than
120 students have been involved in all the phases of the
project. Since FASTRAC is based in the Department of
Aerospace Engineering & Engineering Mechanics,
Muñoz, et al.

4

24th Annual AIAA/USU
Conference on Small Satellites

Figure 4. Other Satellite Design Lab projects. (From Left to Right): Texas 2-Step was UT-Austin's entry into
the University Nanosatellite-5 Competition held in Jan. 2009; BevoSat-1 was a 5" cube that launched from
Space Shuttle Endeavour STS-127 in Jul. 2009; BevoSat-2 is a 3-unit CubeSat scheduled to fly in 2012
Along with the new facilities that have been created,
one of the most important impacts FASTRAC has had
is the development of in-house knowledge and
experience of designing, fabricating, building,
integrating and testing flight hardware and software.
This experience has been very beneficial in training
new students in the FASTRAC project as well as new
satellite projects that have come afterwards and have
leveraged this experience to reduce risk, cost, and
development time. It has also led to standardized
procedures and specifications to handle and process
flight hardware, such as conformal coating, staking, and
torque specifications.

mission carefully early. Along with clearly defining the
mission early in the design process, it is recommended
to incorporate systems engineering practices throughout
the life cycle of the project. As part of these practices it
is important to define the projects requirements and a
requirements flow down from the beginning of the
project.
Budget
One of the biggest challenges with running a satellite
project in a university environment is that budgets are
very limited when compared with traditional space
programs. In FASTRAC's case, the total budget
received from the Air Force Research Labs was $230k,
where the team was provided $100k during the UNP-3
competition and another $130k after winning the
competition to complete the project. Most of this
budget naturally was spent procuring materials,
equipment, and manufacturing parts for the satellite
project. Very little budget was left for other aspects of
the project, so the team had to resort to other ways of
financing the project.

Since FASTRAC, the SDL has been the birthplace of
several other satellite projects. These projects are
shown in Figure 4, and include Texas 2-STEP,
BevoSat-1, and BevoSat-2.
LESSONS LEARNED & RECOMMENDATIONS
FOR OTHER PROGRAMS
As with most complex projects, there have been many
challenges that the team has faced throughout the
lifetime of the project. Although it is impossible to
include all of the challenges that the project has
encountered, this section of the paper will address
certain challenges that were faced, the key lessons
learned from them, and recommendations on how to
avoid them. It is our hope that these lessons and
recommendations will be pertinent to other university
programs.

Perhaps one of the most important things the team did
was to rely heavily on motivated volunteer student
workforce. Without this volunteer effort, it would have
been impossible to complete the project. In addition to
this volunteer effort, several of the graduate students
and undergraduates students that were involved with
the project also decided to perform either their Master's
thesis or senior design projects on FASTRAC, which
benefited the project tremendously.

Mission Definition
A crucial factor for the team was getting support from
the College of Engineering and, more importantly, the
Department of Aerospace Engineering by providing
equipment, donating facility use, expertise and time
from different staff and faculty members, and
sometimes extra funding to complete certain purchases.
Early on the team also established relationships with
different companies that also provided donations in
terms of equipment or facility use in exchange for

Before attempting to build a satellite, it is important to
clearly define what the mission is going to accomplish
and what its mission objectives are going to be. The
mission topic should be chosen such that it is within the
team's area of expertise and scope of the project.
Missions that are out of a team's area of expertise or
that are beyond the scope of available resources will be
more likely to fail or will likely have to be re-defined or
de-scoped at a later time, so it is best choose the
Muñoz, et al.
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sponsorship of the project. One example of this was
NASA Johnson Space Center allowing the team to
perform a thermal vacuum chamber test during the
design phase and to bake out materials for use in the
flight battery boxes.

contact for the project rather than having multiple team
members inquiring about purchases. Another very
important consideration that the team should become
aware very early on in the design process is that some
parts will have longer lead times, sometimes several
months or more, so both the design and purchasing
plans should account for this.

In other aspects, the team had to think "outside of the
box" to come up with cheaper ways of solving
traditional problems. In some cases this required the
team to perform certain procedures or fabricate certain
parts in house rather than outsourcing them to a
professional company. One example of this approach
was building the solar panels in house. The team relied
on kitchen FoodSaver equipment to vacuum seal the
solar panels and to create an even thin film of epoxy
between the solar cells and the solar panels. A turkey
oven was used to cure the solar panels, as shown in
Figure 5.

Student Turnover, Training & Recruiting
One of the biggest challenges that the FASTRAC
project has faced is student turnover. It has affected the
team since the project was started in 2003.
Through its life cycle, there have been what can be
considered as four separate student teams that have
worked on FASTRAC during different stages of the
program. The first team took the project through the
UNP-3 competition. The second team was in charge of
the redesign phase after the competition, including
building and delivering the flight units in summer 2006.
The third team then took over and was in charge of
finishing the flight software and getting the satellites
through all of the environmental and acceptance testing.
The fourth team is currently in place and will be in
charge of operating and post-processing all of the data
collected from the satellites.
The team has addressed the challenge of student
turnover in several ways. The first way has been to
make sure that there has been student overlap,
especially in the more senior positions, during team
transitions. The second way has been to adopt a
mentor-apprentice relationship between older and
newer members to the team. The transfer of knowledge
and experience is established while new members are
introduced and are gaining familiarity with the project.
This is especially important during the design and
fabrication phases of the program when decisions are
made that heavily impact the project later.

Figure 5. Solar Panel Fabrication Procedure using
Turkey Oven
Purchasing
Along with a limited budget, the team also had to
purchase materials and hardware for the satellite
project.
It is recommended that guidelines and
procedures are established early in the project to make
purchasing easier and help keep the project's schedule
on track.

One of the best ways to maintain continuity throughout
the project is to have a good documentation system in
place and to document all of the decisions. Equally
important is to make an effort to keep everyone on the
team informed of the primary issues, challenges, and
what everyone else on the project is doing. For
FASTRAC, this was addressed by having weekly team
meetings and teleconferences with AFRL where the
project manager and subsystem leads gave weekly
updates on their current status and any impending
issues they might have. The status and issues would
then be discussed by the team as a whole and decisions
were made if needed based on these discussions.

It is recommended that only one or two people on the
team be in charge of placing purchases for the project.
These individuals should establish relationships early
on with the university's purchasing personnel and their
procedures as this will streamline the purchasing
process. It is important to realize that different
purchases might require different procedures or how to
deal with companies when trying to get tax-exempt
purchases. This also gives external companies a clearer
image of who is responsible and a precise point of
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Another helpful thing that was done on FASTRAC
when introducing new students to the team was to have
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senior students give small workshops to the new
students in the SDL such as soldering workshops,
ground station operation tutorials, and mission
overview presentations.

within the team. The core teams were usually formed
by the project manager and systems engineer, several of
the subsystem leads, as well as a couple of dedicated
team members. These team members usually went
above and beyond what was asked from them. It is
encouraged to foment this within a team as having a
truly invested and committed group of team members
will help increase the likelihood that the project is
successful. Even after graduating and leaving UTAustin, most of the core group members are still willing
to contribute whenever their help or their advice is
needed.

Because of the student turnover, one of the major
challenges has been continuous recruiting of students to
work on the project. There are many ways to address
this issue, so only some are highlighted here. One way
to address this issue is to keep the student body and
faculty informed of what is happening with the project.
During the early stages of the project when a lot of
student personnel was needed, the team would talk with
several professors and get their permission to give a
short presentations about the project to recruit new
students at the start of every school semester. Open
houses in the SDL were also held to disseminate what
was happening in the lab and attract potentially
interested students to work on the project.

In the end there is no ideal team size as this depends on
the particular project at hand; however, based on
FASTRAC's experience, avoid spreading the team too
thinly or making it bigger than is manageable.
Commercial Off-The-Shelf Hardware
One of the first tasks that should happen during the
design phase of a project is identifying the primary goal
and what the project is trying to accomplish. After this
has been done, an assessment of the team's expertise
should be made to focus resources where they are
needed. Once these two actions have been done, the
weakest areas of expertise should be leveraged against
commercial off-the-shelf (COTS) solutions if they exist
or flight heritage from past satellite projects if possible.
The reason for doing this is to reduce the risk within the
design. If the COTS solution also has any flight
heritage, this will make it even more beneficial to use.

Given that most of the student labor on satellite projects
is voluntary, another way to address recruiting is to give
students course credit for the work they are doing in the
lab. At UT-Austin, this was done in several ways: 1)
students could perform their senior design projects on a
topic related to FASTRAC; 2) students could take an
undergraduate or graduate research class sponsored by
the FASTRAC Faculty PI and perform research on
FASTRAC; and 3) students could take a 1-hour lab
course repeatedly for a maximum of six semesters and
counted as a technical elective in their curriculum.
Finally, if the program has the funding or if the
department can support it, it is helpful to hire students
in certain key positions to make sure these are always
covered.

The team should be aware that choosing a COTS
solution might have challenges as well. Before
choosing a COTS solution, thoroughly investigate what
it was designed for as the implementation might require
some modifications to work. These modifications
might be very simple, such as replacing the electrolytic
capacitors for tantalum capacitors on a printed circuit
board (PCB), ranging to more complex modifications
depending on the project's needs. Knowing that there
might be no or limited technical support for the COTS
solution is also something that should be taken into
consideration before deciding to use it. Also, with
COTS solutions there is often a learning curve so make
sure to account for this in the schedule. Once the
decision has been made to acquire the COTS solution,
try to do so as early as possible to test it and make sure
it satisfies the project's requirements.

Team Size
As was discussed before, throughout the life cycle of
the FASTRAC project, there have been numerous
students teams involved in the project. These teams
have ranged in size from 8 to 40 students at different
times. The size has mainly been dependent on what the
team's focus is at that time. There are times where a lot
of manual labor is needed, for example during
fabrication and integration so having extra hands is
helpful. However it is important, from experience, to
have a manageable size team. The reason this is
important is so that everybody will have a defined
responsibility, know everyone on the team, and know
what is happening in the project. This makes everyone
accountable and people will tend to become more
vested in the project and have a higher sense of duty.

Documentation
Documentation plays a key role in most projects.
Although at times it can place a burden on the team and
might not be the most exciting thing to do, it is very
important. In FASTRAC, the team learned that poor
documentation or lack of documentation in some cases

In FASTRAC's case, during all different phases, a core
group (normally 4 to 10 people) was naturally formed
Muñoz, et al.
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led to headaches later and caused problems. To avoid
these issues, it is important to establish certain
documentation practices early.

functionality and flexibility. It is recommended to
implement and maintain good software documentation
practices.

The first practice that should be established and defined
is to adopt a configuration management (CM)
documentation system that outlines a template for the
different documents that should be produced for all the
overall system, subsystems, and subsystem parts. As
part of the CM system, a numbering or organization
convention should be created for documentation that
makes sense for the project so that it can be tracked
easily. Some of the different documents that should be
produced include requirement documents, mechanical
drawings, electrical schematics, assembly and
integration procedures, interface control specifications,
and certification logs.

Setbacks
Unfortunately no project is immune to setbacks or
"bumps in the road". What is more important is being
prepared to handle these setbacks. To be prepared, it is
important not to overreact to any setback and analyze
and determine the consequences it might have on the
project. Once an assessment has been made and the
consequences are understood, the team should then be
able to decide on a course of action. It is important to
take into account the impact each course of action will
have on the project's ability to meet its mission
objectives.
Some Issues to Keep in Mind During Design,
Fabrication, Integration, and Testing

The second practice that should be included with a
configuration management documentation system is to
adopt a version control system for the project. In
FASTRAC's case this was done through a project
website. As new official documents were created or
updated, they were uploaded to the website which
served as a repository and kept track of previous
revisions. This however was only done with official
documentation and should have been done with all of
the project files as this created several problems such as
misunderstandings on where the most up to date files
were stored.
After dealing with some of these
problems, version control systems such as Subversion
(SVN) have started to be used in the Satellite Design
Lab for the different projects and have proved to be
very reliable and useful.

Although there are many issues and concerns to keep in
mind during the design and fabrication phases of a
satellite project, some recommendations are highlighted
below.
1. Keep it Simple (KISS) Design Principle
Unneeded complexity should be avoided at all costs in
the design. As the principle goes, try to design the
system to be as simple as possible while addressing the
overall system requirements and other issues such as
integration and manufacturing. One thing to keep in
mind is that as the complexity of the system increases,
so does the number of failure modes.

Another practice that should be fomented within the
team is to take pictures of all the systems, especially
during the manufacturing, assembly, and integration
phases of the project and maintain an organized
pictorial archive. This practice will be very beneficial
in documenting the design of the project and can also
serve as verification mechanism later.
Software Development
The FASTRAC project was primarily driven by
aerospace engineering students who did not have a
strong software background. This meant that during
the project's life cycle the flight software development
lagged behind the hardware design and construction of
the satellites. This had some consequences to the
project as the software had to be designed with added
complexities to accommodate the existing hardware
design and in some cases also limited some of the
functionality of the system. If possible try to avoid this
situation and start the software development as soon as
possible to ensure the project has maximum
Muñoz, et al.

Figure 6. Flatsat Electrical Testbed
2. Prototyping is Key
There are a lot of different prototyping practices that
can be used when designing a satellite project. On
FASTRAC, two of the main prototyping forms that
proved to be the most important were electrical
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prototyping and rapid manufacturing mechanical
prototyping.

integration and manufacturability in mind whenever
designing any of the mechanical parts for the satellite.

During the FASTRAC project, electrical prototyping
was very useful throughout all the different phases of
the project. With the help of this practice several of the
PCBs were designed and tested in a breadboard
configuration before actually being manufactured. This
practice also allowed the team to create a Flatsat
electrical testbed to test all the electronic components of
the satellite as shown in Figure 6. The creation of the
Flatsat allowed the wire harnessing, both internal and
external, to be defined and tested thoroughly before
finalizing its design.

As new students became involved with computer aided
design (CAD) for mechanical parts, sometimes they did
not have experience in machine shop production, which
complicated the manufacturability of certain parts.
With this in mind, it is a good idea to train students in
machine shop procedures and practices so they can
account for them whenever they design any mechanical
parts to avoid any manufacturability issues and keep
production times shorter. Being aware of
manufacturability issues will also help keep
manufacturing expenses lower. In most cases, the less
complicated a part is, the cheaper it is to produce.

As with electrical prototyping, mechanical prototyping
was another practice that proved to be very helpful for
FASTRAC. In this case whenever a subsystem box
was designed, it was rapidly manufactured using plastic
3D printing technology. The rapid prototyping allowed
the team to address any fit check issues that might have
been missed during the design and address any
interference issues the subsystem might have with other
components. The rapid prototype subsystem boxes also
allowed the team to develop subsystem integration
procedures and make any necessary modifications to
the designs before having the finalized subsystem
boxes. They also allowed the team to practice
integration of all of the subsystems into the structure.
The process of constructing the flight wire harnesses
also took advantage of these by having them in place in
the Engineering Design Unit as shown in Figure 7.

Another issue that is often overlooked when designing
mechanical parts is integration with the overall system.
One of the things that should be considered for
integration is accessibility to fasteners during assembly
and integration. This accessibility should account for
the space needed for the required tools for assembly
and integration. By having integration in mind during
the design phase, the assembly of the overall system
should become easier as well as any disassembly if one
is ever needed to replace a particular component.
One last issue that should be considered when
designing the mechanical layout of the satellite is the
design and integration of the wire harnessing. Taking
this into account early in the project will help alleviate
later problems and will ensure connectors and wire
harness components have sufficient clearance. When
designing the wire harness it is good practice to make
sure that connectors cannot accidentally be swapped
when installing them. This will avoid possible shorts
that could occur if this happened. The solution for this
however depends on the particular project.
4. Certification Logs and Quality Assurance Practices
Are Very Important
Documentation was mentioned as playing a key role in
a project's life cycle. After the design phase has been
completed, some of the most important documentation
practices that should be followed are those of quality
assurance and keeping certification logs.
Quality assurance practices are extremely important as
they will help catch mistakes that could avoid larger
problems downstream. It also provides a level of
traceability to all of the manufactured parts to make
sure they were manufactured, assembled, and integrated
to certain specifications. Students should be trained to
make sure they follow these practices and understand
that applying them will result in a more reliable system.
By the time students are producing flight hardware they

Figure 7. Flight Wire Harness being built with EDU
Structure and Rapidly Prototyped Subsystem Boxes
3. Keep Integration and Manufacturability in Mind
An important lesson the team learned through the
construction, integration, and multiple hardware
modifications performed on FASTRAC was to keep
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least the basic functionality of each system is achieved
during any phase even if the full system functionality
cannot be tested.
As was mentioned before,
prototyping is essential to testing and ensuring the
design meets the design requirements.
During the initial phases of the project the team should
consider performing smaller scale experiments on
different components of the mission.
These
experiments can include subsystem testing on high
altitude balloon flights, small rocket launches or
parabolic microgravity flights. In FASTRAC, one
experiment performed was testing the PSC Lightband
that will separate both satellites on a KC-135
microgravity flight as shown in Figure 8.

Figure 8. FASTRAC Separation Experiment on
KC-135 Microgravity Flight in Spring 2004
should not have any problems pointing out flaws on a
certain part even if this implies possibly having to
perform some rework, repairs or even possibly
manufacturing a new part.

In the FASTRAC experience, one of the most helpful
tools to perform testing was the Flatsat Electrical
Testbed, shown in Figure 6, and the Electrical Ground
Support Equipment (EGSE), shown in Figure 9. Apart
from aiding in the design of the satellites, these two
tools also allowed the team to test all of the flight
subsystems before being integrated into the flight units.
It allowed the flight software to be continuously tested
and upgraded even after the flight units were delivered
to AFRL for environmental testing. It also allowed the
team to develop and test the mission operation
procedures as well as train new students that came into
the project once the flight units were already delivered.

Tied together with the quality assurance practices,
keeping certification logs of all the building, assembly,
and integration steps is very important. This becomes
even more important when there are certain procedures
that are performed on the flight hardware that might not
have been included on an assembly procedure but had
to be performed. The certification logs also provide a
way to verify all of the steps that were performed on the
project on a certain day and what the specifics of those
steps were. The certification logs should recount
everything that happens to the system, including all of
the tests performed on it.
5. Establish Relationships with Several Machine
Shops and Part Suppliers
As was mentioned before with purchasing, when it is
time for building and manufacturing, the team should
be aware of lead times, especially when unexpected
problems require very quick turnarounds. To try to
mitigate this situation it is a good idea to establish
relationships with several different machine shops and
part suppliers. In FASTRAC for example, most of the
machining was done in house in one of UT-Austin's
machine shops. However there were times during the
project when parts were needed and the machine shops
were backed up for weeks or months because they also
had other projects to focus on apart from FASTRAC.
To resolve these problem, the team established
relationships with at least 5 other machine shops in the
Austin area to be able to meet delivery deadlines.

Figure 9. Electrical Ground Support Equipment
(EGSE) for Flatsat Electrical Testbeds (Left) and
Flight Units (Right)

6. Testing

COMMUNITY OUTREACH

The best way to make sure the project meets all of its
goals and requirements is to test it throughout all the
different phases of the project and make sure that at
Muñoz, et al.
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newer generations to become involved in science and
engineering. The team has performed outreach by
giving many demonstrations and presentations to K-12
students and prospective college students throughout
the duration of the project. The team has also had
middle school and high school students work in the
satellite design lab for several summers helping out
with different projects. Apart from these presentations,
the team and all of the different projects in the Satellite
Design Lab have participated in a university wide open
house every year since 2003 where the community can
learn about research projects at UT-Austin.

learned through the FASTRAC program can help
similar programs successfully build, run and operate
small satellites.
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Table 1. FASTRAC Radio Frequency Information
Satellite

Downlink
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145.825 MHz FM

5.

6.

145.825 MHz AX.25 1200
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